Purpose: To use impression cytology to examine the structural changes in corneal epithelial cells infected with the herpes simplex virus in rabbit eyes. Methods: Corneal surfaces of 7 rabbits were scratched using a 25-gauge needle. Herpes simplex virus (type 1, Kos strain) was inoculated to the injured cornea. As the corneal diseases were observed using slit lamp biomicroscopy, impression cytology was performed for 18 days after inoculation. Specimens were stained with hematoxylin-eosin and examined using optical microscopy. Results: Corneal lesions consisted mainly of round epithelial cells, inflammatory cells, ballooning cells, multinucleated giant cells, and various inclusion bodies. Over time, the corneal epithelial cells peeled away as a result of corneal edema in the corneal lesions. Dendritic lesions were also observed. In the recovery phase, the number of detached cells and infiltrated inflammatory cells decreased. Conclusions: It was presumed that dendritic lesions might have been formed at the scratched cornea region, thereby aggravating the epithelial cells falling off as a result of the infiltration of inflammatory cells. These cytopathologic effects occur in experimental herpes simplex keratitis.
The herpes simplex keratitis has been one of the main causes of blindness due to keratitis. The herpes simplex virus (type 1, Kos strain) develops into various types of keratitis and dendritic or geographic keratitis is the distinctive clinical finding. [1] [2] [3] This type of epithelial keratitis is caused by damage generated from the actively proliferating virus. Unsuccessful treatment of herpes simplex epithelial keratitis or repetitive recurrence of keratitis may accompany stromal keratitis, and leads further to corneal opacity and visual deterioration, which is considered as the most commonly observed clinical impression. 1, 2 Other than scanning electron microscopy, the authors noticed that there have not been any clinical studies regarding the morphological changes of the epithelial surfaces relative to the elapsed time of the epithelial keratitis which developed either from the herpes simplex virus or from other disorders which could allow herpes simplex keratitis to induce visual disabilities. 4 The authors therefore induced regional damage to the corneal epithelial cells in rabbit eyes and infected this area with the herpes simplex virus in order to experimentally develop herpes simplex keratitis and facilitate examination with impression cytology of the structural changes in the corneal epithelial cells over time.
Materials and Methods

Virus Cultivation
The Vero cells were placed into the culture media embedded with modified essential media (Difco, U.K) which was composed of 5% fetal calf serum. The monolayered Vero cells were administered to grow in the incubator. The suspension of the frozen stored herpes simplex virus (Type 1, Kos Strain) was administrated to the culture dishes where the monolayered Vero cells were grown. When the Vero cells showed cytopathic effect, the cellular cultivation was interrupted and the virus suspension was prepared with filter paper.
Virus Inoculation to the Rabbit Cornea
Seven rabbits were used as the test subjects. After the rabbit eyes were instilled with 0.5% proparacaine, the focal section of the corneas were scratched several times horizontally and vertically with a 25-gauge needle to damage the corneal epithelium and then the suspension of herpes simplex virus type-1 (Kos strain) was dropped onto the Balloon cells (arrow) can be seen in the area of the detached and degenerated corneal epithelium, which had swollen cytoplasm and a pale nucleus, 3 days following inoculation of the herpes simplex virus (Impression cytology, H-E stain ×100). damaged area. After inoculating the corneas with the virus, all eye drops to treat the corneal lesions were prohibited. The corneal lesions were observed daily using slit lamp biomicroscopy until the 18th day of the virus inoculation and, impression cytology was performed whenever any corneal lesions developed.
After dropping the cornea with 0.5% proparacaine, filter paper (Millipore filter 7×7 mm, 0.22 um, GS type, Ireland) was placed on the corneal lesion which was compressed lightly with the plunger tip of the 1ml tuberculin syringe. After 20 seconds, the filter paper was removed from the cornea and fixed with 10% formalin solution. Then the filter paper was stained with hematoxylin-eosin, but not PAS, because the filter paper stain was for the corneal surface.
Results
By day 3 of the virus inoculation, the polymorphonuclear leukocyte and the lymphocyte were infiltrated as the epithelium cells were desquamated away from the superficial layer of the corneal epithelium ( Fig. 1 ). Balloon cells featuring plentiful cytoplasms and faint signs of a nucleus were observed in the lesion where the corneal epithelial cells were desquamated away and the fibrin deposits were displayed nearby (Fig. 2) . Whereas the epithelial lesions showing dendritic keratitis were desquamated relatively deeper than the other areas, the epithelium cells in the nearby areas did not exhibit intensive desquamation.
By day 5, the corneal lesions initially observed on the surface were widened, the corneal epithelium was further desquamated off, and the changes in corneal epithelial cells were more intensified. Moreover, increased formation of balloon cells and irregular figures of superficial epithelial cells and wing cells were observed (Fig. 3) . Infiltrations of the inflammatory cells such as polymorphonuclear leukocytes had increased as well.
By day 7, desquamations of the corneal epithelium were continuously proceeding and thus snake cells, appearing like chromatin clumping and multinucleated giant cells, were observed. The number of inflammatory cells infiltrated into the gaps between the cells was increased. When observed under high magnification, the inflammatory cells appeared lighter than the epithelial cells and the surrounding tissues were observed to be necrotic tissues and membranous materials which constituted of the transformed inflammatory materials. Plentiful cytoplasm and vacuoles were observed within the balloon cells and uniformed inclusion bodies of high density were observed within the cell nuclei (Fig. 4) .
By day 11, the wing, snake and multinucleated giant cells had all become more numerous and the peripheral basal cells featured plentiful cytoplasm and ultrabasic transformed nuclei. Moreover, the intranuclear inclusion was detected and the fibrin was more prominently deposited to the surroundings (Fig. 5) .
By day 13, the scratched area was observed with the presence of edema and desquamated epithelial cells. However, whereas the desquamated corneal epithelial cells and wing cells were relatively uniform and consistent, the multinucleated giant cells and the intranuclear inclusions were still increasing (Fig. 6) .
By day 15, multinucleated giant cells and intranuclear inclusions were observed. However, the corneal epithelial cells demonstrated a relatively uniform shape and the number of inflammatory cells started to decrease (Fig. 7) .
By day 17, the number of desquamated cells started to decrease and the infiltration of inflammatory cells had almost disappeared (Fig. 8) .
Discussion
Impression cytology was first introduced by Egbert in 1977 and the main advantages of this technique were safety, simplicity and repeated applicability. This technique has been applied to enable prompt diagnosis of dry eye syndrome, allergic keratoconjunctivitis and epithelial lesions of the eyes such as inflammation of the cornea and conjuntiva. 5 Since the cornea sample of impression cytology can accurately reproduce the dendrite lesion down to a diameter of 0.3 mm in corneal epithelial disease, impression cytology has further uses for immunocytologic examination and the diagnosis of bacterial keratoconjuntivitis. [6] [7] [8] [9] Herpes simplex keratitis is the form of keratitis developed from the herpes simplex virus and displays various forms of inflammatory reactions. The changes in the initial stage can be similar to that of keratoconjunctivitis which developed from other viruses. However, the unique changes in the epithelial dendrite in the initial phase allow it to be distinguished from other corneal diseases. 10 Even though are various clinical features and different perspectives regarding the cause of the disease, dendritic epithelial keratitis has been regarded as the most characteristic impression in almost all findings.
The experiment which introduced the herpes simplex virus ( Kos strain) into a rabbit resulted in clinical phases that were similar to that from the application of intrastromal injection, scratching method, and epithelial abrasion method. 11 Currently, the cytopathologic effect of keratitis by this herpes simplex virus has been relatively well-recognized. However, there have been no observations regarding the changes in corneal epithelial cells by the herpes simplex virus under light microscopy.
In this experiment, the changes in the corneal epithelial cells were observed for 18 days after the corneal epithelial cells were damaged and inoculated with type 1 herpes simplex virus (Kos strain). During this period, the observation of the epithelial impression in herpes simplex keratitis showed that the epithelial cells were desquamated, that the wing cells or basal cells started to become exposed from the superficial layer of the corneal epithelial cells, and that the inflammatory cells were infiltrated into the epithelium through the lesion where the epithelial cells were desquamated. These findings indicated that the epithelium cells infected with the herpes simplex virus had expanded the gap between the epithelial cells of the cornea and that this then led to the disintegration of the adhesion complex and the desquamation of the epithelium from the epithelial cells of the superficial layer. 4, 12 The expansion of the gap between the cells and the cellular desquamation induced the inflammatory cells which originated from the tear or limbus to infiltrate into the corneal epithelial cells. The change in the epithelial cells was further catalyzed by the cytokines isolated from the inflammatory cells. 12 In this study, the infected epithelium cells were observed with desquamated and transformed corneal epithelial cells, which exhibited a fattened or minor transformed nucleus, and with multinucleated giant cells, which exhibited an irregular patterned nucleus. Possible evidence of virus-infected cells such as intranuclear inclusion was observed and this impression was similar to that exhibited from the nucleus of the stromal cells in the case when both the corneal stromal cells and herpes simplex virus were cultivated simultaneously. [11] [12] [13] [14] [15] Moreover, the appearance of snake cells could be regarded as indicating the transformation of the surrounding cells by the infection of the herpes simplex virus and the inflammatory mediators and toxic material of the necrotic cells. Knop et al. noted that these cells contribute to the causes of the nucleus deformation through the physical stimulus and the transformation of the cytoskeleton. 16 The small and round epithelial cells which composed ballooned nucleus were recognized as balloon cells, which had therefore originated from the corneal epithelial cells. By day 7, during the active stage, inflammatory cells and basal epithelial cells were observed and these were boldly surrounded by either a superficial layer arranged in 3 to 4 rows or the intermediate corneal epithelial cells. By day 15, during the recovery period, either the abundant superficial layer or the intermediate corneal epithelial cells and the rare basal epithelial cells and inflammatory cells were observed. Unlike the superficial layer or the intermediate corneal epithelial cells, the basal epithelial cells were composed of a strong basophilic nucleus and scanty cytoplasm. They were mainly observed in the middle of the corneal lesions whereas the superficial layer or the intermediate corneal epithelial cells were mainly observed in the surrounding areas of the corneal lesions. This may suggest that the infected cells underwent further specialization into multinucleated giant cells or that the intracellular inclusion originated from the basal epithelial cells from the corneal dendritic lesion. Moreover, these deformations in the nucleus and cytoplasm of the basal epithelial cells may have been stimulated by the virusinduced cellular activities. 17 In this experiment, the corneal dendritic lesion became observable from day 3 of the inoculation but had disappeared by day 14 or 15. There was no significant difference among the rabbits in terms of lesion forms, nor in the lesion appearance and disappearance days in terms of the inoculation method. It was thought that the relative consistency of the results with respect to the inoculation method may have been due to the specific characteristic of the Kos strain used for the experiment. Kim et al. also reported similar results for rabbits by day 2 of the inoculation after applying the epithelial abrasion method. 11 In the study of epithelial keratitis in rabbits infected with the same herpes simplex virus of Kos strain by Kim et al, dendritic and punctate lesions were reported to appear from day 1 of inoculation and the maximum appearance of dendritic lesions was observed by day 8; however, these types of lesions had completely disappeared by day 14. 11 Vrabec and Darrell examined the temporal and histological findings exhibited from corneal lesions which appeared after the rabbit had been inoculated with the virus. 18 A lesion, which was only identified histologically began to appear within 7 hours from the inoculation and a dendritic lesion appeared in slit lamp examination within 24 hours. Furthermore, the lesion was consistent for a period of 2 weeks or 25 days with respect to the virus strain. The dendritic lesion was observed in the adjacent area of epithelial abrasion and it was speculated that this area could have been infected by the virus directly.
The pathogenesis of the dendritic ulcer induced by the herpes simplex virus was not completely verified. However, it was considered that the lesion might have appeared with respect to the nerve distribution on the epithelial layer or that the segmentation might have occurred in accordance with the differences in individual cellular resistance against the infection. Kim et al. indicated that in the case of the sample being inoculated by the scratching method, the discontinuous lesions were generated within a certain distance of the scratch, and that in the case of the lesion proceeding through dendrites, it was proceeded by segmentation after considering this generation region as the center, and that this suggested that the possible existence of the virus growth resistance factor was secreted from the epithelial cells in prohibiting the extensive process of lesion development. 11 However, the herpes simplex virus was either clinically or experimentally indicated as the neurophillic virus, such that, it further demonstrated numerous evidences of viral development with respect to the nerve distributions, such as the deterioration of corneal sensitivity, latency and recurrence in clinical examination, and so the possible development of lesions with respect to the nerve distributions should be kept in mind. 19 Conclusively, the infection of corneal epithelial cells by the herpes simplex virus induces cellular desquamation and inflammatory cellular infiltration. The infected epithelial cells might undergo changes in the nucleus such as intranuclear inclusion. The injury recovery process of the epithelial cell had commenced at approximately 2 weeks after the initial infection.. This experiment was beneficial in expanding our knowledge of the changes of epithelial keratitis with respect to elapsed time. However, since this experiment used the Type 1 herpes simplex virus (Kos strain), which is known to cause less destructive effects, the results of this study can not be extended to generalize cases caused by other species of herpes simplex virus or accompanied by recurrence and stromal keratitis. Furthermore, further research is required in this area.
